Abstract The production phase for the NCSX modular coil winding forms has been underway for approximately one year as of this date. This is the culmination of R&D efforts which were performed in 2001-4. The R&D efforts included limited manufacturing studies while NCSX was in its conceptual design phase followed by more detailed manufacturing studies by two teams which included the fabrication of full scale prototypes [1] . This provided the foundation necessary for the production parts to be produced under a firm price and schedule contract which was issued in September, 2004. This paper will describe the winding forms, the production team and team management, details of the production process, and the achievements for the first year.
INTRODUCTION
NCSX is under construction at the Princeton Plasma Physics Laboratory as a joint project of PPPL and the Oak Ridge National Laboratory. It is the first of a new class of stellarators known as compact stellarators. Compact stellarators are expected to retain the steady state operational characteristics of traditional stellarators but at a much smaller size -both key elements to the successful development of fusion. NCSX is designed with an aspect ratio of 4.4; a traditional stellarator typically has an aspect ratio of 10 [2] . NCSX is shown in Fig.  1 . It utilizes LN 2 cooled copper magnets, has a major radius of 1.4 m, a magnetic field of 1.2-2T, and a pulse duration of 0.3-1.2 S. First plasma is scheduled for July, 2009 . The complex magnetic field required to produce the field in NCSX is generated by a set of (18) modular field coils. The modular coil system is comprised of six each of three different types of modular coils, as shown in Fig. 2 . Each machined winding form weighs -2500 kg. The modular coils are made by winding flexible, compacted stranded cable directly on the cast-and-machined stainless steel winding forms. The completed windings are vacuum-pressure impregnation with epoxy to bond them into a monolithic structure. Spring loaded clamps hold the windings on the winding form during operation while still allowing for thermal expansion. The current centers of each modular coil must be located within +/-1.5 mm. This tolerance is allocated equally between the winding form, the winding, and assembly. Fracture mechanics evaluations were made from specimens cut from the shell of a prototype winding form [2] . The results of these evaluations, shown in (3) Flow/solidification analyses are performed based on the model developed above to determine mold details such as the number and placement of "risers" (molten metal reservoirs), "gating" (piping), heat sinks ("chills") and insulation. The goal of this process is to optimize the mold details in order to avoid shrink regions in the part. The result of an analysis for the Type C casting is shown in Fig. 3 . Fig. 5 , the molten alloy is simultaneously poured into the mold at three entrance points in approximately 1-1/2 minutes. Following cool-down, the flask is disassembled and the casting is "shaken out" (i.e. the mold is broken away). A casting shortly after shake out is shown in Fig. 6 .
provide uniform properties for machining. Final foundry inspections include dimensions using a multi-link coordinate measuring machine (CMM) and a complete liquid penetrant inspection per ASTM A903/A903M. Each casting is solution heat treated and air cooled after removal of the risers and gating by arc burning. To verify the pattern and mold designs, both the pattern and the first casting produced is dimensionally checked by a photogrammetry/laser scanning process (Fig. 7) 3- axis CNC machining is performed on the winding surfaces and the poloidal electrical break is rough cut. (Fig. 8) . In future castings, the cutting of the poloidal break will be left to a final operation in order to better maintain the rigidity of the part. The winding form is machined to within 0.75 mm of its final dimension. (Fig. 9 ). The C1 casting is shown in the photo in Fig. 10 prior to the assembly of the poloidal elecrical break. During this first year of production, an incredible amount of progress has been made. Most importantly, the required technical and quality requirements are being met. The team has worked through a number of "start-up" challenges ranging from volatile metals market conditions to machining of a part with extremely complex geometry with a new alloy. Although the first parts have taken longer than anticipated, the "lessons learned" are for the most part applicable to all three types. All of the patterns have been fabricated; seven of 18 castings have been produced; all machining fixtures have been fabricated, ''reach and access" and cutting tool issues have been resolved; one casting has been completely machined and a second is about 80% complete. There has been considerable improvement in schedules at both the foundry and machine shop which give confidence that the winding forms will be produced on a schedule consistent with NCSX's first plasma date of July, 2009.
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